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Metallographic cross section of a worn tube from a reactor.  
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Profilometry using a non-contact scanning laser UBM Telefokus apparatus (10nm vertical 
resolution, 1 μm lateral resolution) was used to characterize the wear track geometry. For this 3 
scans across the wear track (perpendicular to the sliding direction) were measured on each sample. 
Typically, a profilometer scan can exhibit two distinct wear features (
): the track formed 
by removed material and ridges formed by metal displaced by plastic deformation during sliding. 
The track (Vtrack) and the ridges volume (Vb) can be determined from the cross section profiles as 
follows. The perpendicular area of the track (Atrack) showed in the 
  is calculated by 
integration along the track width.
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The obtained area is multiplied by the stroke amplitude (5mm) to obtain the Vtrack,1. The complete 
track volume should also consider the hemicycles formed at the ends of the strokes. For this, the 
end of the track has been estimated as a perfect geometrical half cap (
b), so a complete 
cap is formed taking in count the two ends. Its volume is "#$. 
  


                                     
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Then the track volume (Vtrack) is defined as:  
        
Atrack 
Ab,1 
d 
Ab,2  	
51%111

&'
The area of the ridges (Aridges) observed outside of the track (/% &) are integrated over 0.1mm 
from the border of the track. The additions of both areas correspond to Aridges,1&2. The ridges are 
assumed to go all around the wear track and their volume is calculated in two parts. The first part 
corresponds to the length of the track (5mm) and the second to the hemicycles at the end of the 
track (Vridges,3). The distance around the border will corresponds to a semi-circumference of a radius 
d/2 (/% &b). The obtained ridges volume is calculated as: 
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Main Equations (fluxes)
eq1 : M1't  Φ1  Φ2
eq2 : M2't  Φ2  Φ3  k4 M4t  k6 M3t
eq3 : M3't  Φ1  k6 M3t
eq4 : M4't  Φ3  k4 M4t
Solving differential equations
DSolveeq1, eq2, eq3, eq4, M1t, M2t, M3t, M4t ,
t
M1t  C1  t Φ1  Φ2,
M2t  C2  t k6 1  t k6 C3  t k4 1  t k4 C4 
t Φ1 
t k6 Φ1
k6

1  t k6 Φ1
k6
 t Φ2 
t k4 Φ3
k4

1  t k4 Φ3
k4
,
M3t  t k6 C3  Φ1
k6
, M4t  t k4 C4  Φ3
k4
		
FullSimplify
M1t  C1  t Φ1  Φ2,
M2t  C2  C3  t k6 C3  C4  t k4 C4  t  1
k6
Φ1  t Φ2 
Φ3
k4
,
M3t  t k6 C3  Φ1
k6
, M4t  t k4 C4  Φ3
k4
		
5567789

:

 
Initial conditions
Solving differential equations with given initial conditions
DSolveeq1, eq2, eq3, eq4, M10  0, M20  0, M30  0,
M40  0, M1t, M2t, M3t, M4t, t
M1t  t Φ1  Φ2,
M2t  1
k4 k6
t k4t k6 t k4 k4 Φ1  t k4t k6 k4 Φ1  t k4t k6 t k4 k6 Φ1 
t k4t k6 t k4 k6 Φ2  t k6 k6 Φ3  t k4t k6 k6 Φ3,
M3t  
t k6 1  t k6 Φ1
k6
, M4t  
t k4 1  t k4 Φ3
k4
		
FullSimplify
M1t  t Φ1  Φ2, M2t  t  1  
t k6
k6
Φ1 
t k4 Φ2  1  t k4 Φ3
k4
,
M3t  1  
t k6 Φ1
k6
, M4t  1  
t k4 Φ3
k4
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